Plain language summary
======================

We evaluated the prognostic significance of a 21-item frailty index based on laboratory blood and urine tests (FI-Lab21) assessed at different points in time, ie, at admission to hospital (FI-Lab21~admission~) and before discharge from the hospital (FI-Lab21~discharge~), and the changes of the FI-Lab during the hospital stay of 513 geriatric inpatients on 6-month and 1-year mortality. The FI-Lab21~admission~ and FI-Lab21~discharge~ predicted 6-month and 1-year mortality. The FI-Lab21~discharge~ was more powerful in predicting 6-month and 1-year mortality compared with the FI-Lab21~admission~. The mean FI-Lab21 score could be reduced during the hospital stay. Patients with a reduction or stable FI-Lab21 score during the hospital stay demonstrated lower mortality rates after 6 months and 1 year of follow-up in comparison with the individuals whose FI-Lab21 score increased during the hospital stay. Moreover, taking potential confounders into account, an association between the quantity of the change of the FI-Lab during the hospital stay and 6-month and 1-year mortality was found. Thus, the FI-Lab21 evaluated at admission and/or assessed before discharge and the change of the FI-Lab during the hospital stay emerged as interesting and feasible instruments to evaluate the mortality risk of older individuals hospitalized on geriatric wards.

Introduction
============

Frailty describes a syndrome or clinical state accompanied by loss of physiological reserves, causing an increased vulnerability of an individual.[@b1-cia-14-473] Thereby frail individuals respond sensitively to external or internal stressor events with an even sudden deterioration of their health status.[@b2-cia-14-473] Due to this fluid condition, frail older people are at higher risk for adverse health outcomes such as falls, hospitalization, institutionalization, and mortality among others than robust persons.[@b1-cia-14-473],[@b3-cia-14-473]--[@b8-cia-14-473] Adverse medical conditions going beyond physiological aging processes such as sarcopenia,[@b9-cia-14-473],[@b10-cia-14-473] malnutrition,[@b11-cia-14-473],[@b12-cia-14-473] multimorbidity,[@b13-cia-14-473] cognitive degradation,[@b14-cia-14-473] mental illness,[@b15-cia-14-473] mobility impairment,[@b16-cia-14-473] and chronic diseases[@b17-cia-14-473] were found to conduce to frailty. Of clinical interest, frailty was proposed to be sensitive to adequate interventions and at least in part reversible in some individuals.[@b18-cia-14-473] There is general agreement among the importance of screening and/or assessing older people in relation to frailty and the imperative for developing feasible measure methods in older people.[@b19-cia-14-473]

Several approaches to screen and/or assess individuals in relation to frailty have been elaborated, discussed, and validated.[@b20-cia-14-473],[@b21-cia-14-473] The most accepted, applied, and widely studied are probably the frailty phenotype[@b22-cia-14-473] and the frailty index (FI) approaches.[@b23-cia-14-473] A limitation of the frailty phenotype is that it is inappropriate to investigate fine grades of frailty.[@b24-cia-14-473] This feasibility is a strength of an FI, enhancing precision and reliability for predicting adverse outcomes.[@b25-cia-14-473],[@b26-cia-14-473] FI is calculated by counting the number of present deficits (eg, clinical signs, symptoms, diseases, measures of function among others) of an individual divided by the number of all evaluated potential deficits.[@b27-cia-14-473] A limitation of FI established in clinical practice is that evaluation of a long checklist of clinical parameters and diseases is time-consuming.[@b28-cia-14-473] To overcome this aforementioned limitation of FI, recently FIs operationalized on the basis of standard laboratory tests (eg, blood tests, urine tests, blood pressure, and/or heart rate) (FI-Lab) have been introduced and validated.[@b28-cia-14-473]--[@b32-cia-14-473]

Several studies in different clinical settings found that FI-Lab predicts mortality in older people.[@b28-cia-14-473],[@b33-cia-14-473] We had previously found that FI-Lab operationalized from common blood and urine tests based on data that were obtained before discharge of the patients from hospital predicted 6-month and 1-year mortality in hospitalized patients at geriatric wards.[@b28-cia-14-473] Recent studies now indicate that FI operationalized from the data obtained at admission to hospital is able to predict mortality.[@b3-cia-14-473],[@b33-cia-14-473],[@b34-cia-14-473] From a clinician's perspective, FI-Lab obtained from data at admission to hospital might be preferable to FI-Lab before discharge, thereby allowing the information incorporated in the FI-Lab to be used for risk stratification and care planning already at the beginning of the hospital stay. Moreover, it might be of interest whether changes in FI-Lab during the hospital stay of the hospitalized geriatric patients reveal prognostic significance for mortality. Of note, no study has so far evaluated whether changes in FI-Lab during a hospital stay reveal prognostic power for mortality.

Several other authors have so far evaluated the power of an FI-Lab on mortality in different settings.[@b29-cia-14-473],[@b30-cia-14-473],[@b32-cia-14-473],[@b42-cia-14-473] Howlett et al[@b42-cia-14-473] assayed a strong relationship with mortality operationalizing an FI based on 21 routine blood tests combined with systolic and diastolic blood measurement in 1,013 community-dwelling and long-term institutionalized people aged 65 years or older during a 6-year follow-up evaluation. Rockwood et al[@b32-cia-14-473] detected a predictive value of a 23-item FI-Lab in 595 long-term care residents aged 82.7±8 years in Canada during a 6-year follow-up analysis. A previous study by Blodgett et al[@b29-cia-14-473] in 8,888 participants composing a nationally representative sample (mean age of 49.4±19 years) demonstrated higher mortality rates in individuals for higher FI-Lab categories during a period of 10-year follow-up. Another study by Blodgett et al[@b30-cia-14-473] in a sample of 3,369 community-dwelling men aged 60±11 years accomplished in eight European countries found that FI-Lab predicted mortality, institutionalization, frequency of doctor visits, high number of medications, falls, and poor self-reported health status during a mean follow-up period of 4.4 years. In contrast to aforementioned studies, we operationalized FI-Lab21 twice, first at admission and second before discharge.

In the study presented here, we aimed to evaluate whether 1) an FI-Lab operationalized from data obtained at admission to hospital predicts 6-month and 1-year mortality; 2) an FI-Lab operationalized from data obtained at admission to hospital differs from an FI-Lab operationalized from data obtained before discharge from hospital in the ability to predict 6-month and 1-year mortality; and 3) changes in the FI-Lab score during the hospital stay reveal predictive information for 6-month and 1-year mortality in patients hospitalized on geriatric wards.

Methods
=======

Study design and study population
---------------------------------

This investigation was a secondary analysis concluding two recent prospective, longitudinal studies and summarized 513 patients, hospitalized on the geriatric wards of the Malteser Hospital Waldkrankenhaus St Marien in Erlangen, Germany. Criterion for inclusion was a minimum age of 65 years or older. Exclusion criteria were the missing of a written informed consent by the participant or by legal guardian on behalf of the participant. The patients were examined and evaluated for a variety of clinical characteristics and tests (eg, age, sex, weight, height, body mass index, functional impairment, diseases, Mini-Mental Status Examination, Barthel Index, Geriatric Depression Scale, Timed "Up and Go" Test). Furthermore, venous blood sampling and the analysis of spot urine took place at admission, before discharge, and, if necessary, at various points in time in-between during the hospital stay of the patients. Follow-up data were collected 6 months and 1 year after the baseline examination. These data included information with respect to death due to any cause among other clinical endpoints. The follow-up investigation was acquired by telephone interviews with participants, legal guardians, relatives, and/or general practitioners. The study protocol followed the Declaration of Helsinki and Good Clinical Practice and was approved by the Ethics Committee of the University of Erlangen-Nuremberg. Written informed consent was obtained from the study participants or their legal guardian prior to inclusion into the study.

FI based on 20 laboratory blood tests and one urinary test (FI-Lab21)
---------------------------------------------------------------------

The FI-Lab21 was composited out of 20 routine blood parameters and one parameter of a urine sample. In order to take care of a well-balanced combination, focus was on respecting various organ, health, and functional systems. Therefore, the FI-Lab21 as operationalized in this study presented here contained thyroid, liver, renal, hematological, inflammatory, electrolyte, and coagulation parameters. To prevent any imbalance, the number of parameters related to the red blood cell system was reduced compared with the 23-item FI-Lab in our previous study (ie, by removing the parameters hematocrit and hemoglobin).[@b28-cia-14-473] Much importance was attached to select parameters, which are available in any routine laboratory analysis. As also done in our preceding study,[@b28-cia-14-473] every laboratory parameter was coded binary either 0 or 1; 0 denoted values within normal range, 1 demonstrated pathological values (ie, (sub)clinical deficits). For calculating FI-Lab21, a ratio between summed number of laboratory parameters that were out of the normal range and total number of examined parameters was built for each participant. To allege an example, an individual with pathological laboratory values for potassium, C-reactive protein, and total protein in spot urine, with normal values for the 18 further examined laboratory parameters, would have a summed number of three deficits, which yielded divided by 21 (total number of potential deficits) an FI-Lab21 score of 0.143. As explained in this example comprehensibly, the FI-Lab21 score ranked in magnitude from 0 to 1 for each participant. If one or more parameter was not surveyed, the total number by which divided FI-Lab21 was given, decreased by the count of unavailable parameters. To set an example for this particular case, a patient with a deficit in five variables, two missing values and 14 values within normal range would have an FI-Lab21 of 0.263 (5/(21--2)). FI-Lab21 was calculated only up to a minimum number of 17 parameters, which guarantees \>80% of given variables for each case.

The FI-Lab21 was assessed twice during the hospital stay. One time with blood and urine sample obtained at admission (FI-Lab21~admission~) and second time with samples gained before discharge (FI-Lab21~discharge~). Moreover, the change in the FI-Lab21 during the hospital stay (∆FI-Lab21) of the study participants was calculated as difference between both aforementioned FI-Lab21s (FI-Lab21~admission~ − FI-Lab21~discharge~). If ∆FI-Lab21 assumed positive values, FI-Lab21 decreased during hospital stay (ie, FI-Lab21 at admission \> FI-Lab21 before discharge), a negative ∆FI-Lab21 signals an increment of FI-Lab21~discharge~ compared with FI-Lab21~admission~.

Statistical analyses
--------------------

Statistical analyses were accomplished by using IBM SPSS Statistics software (IBM Corp. Released 2017, IBM SPSS Statistics for Windows, version 25.0, IBM Corp., Armonk, NY, USA). Kolmogorov--Smirnov test was applied for testing normal distribution of values. Unless otherwise stated, results are presented as percentages, mean ± SD, or median (interquartile range). Comparing clinical characteristics was performed using chi-squared test and Mann--Whit-ney *U*-test where appropriate. Comparison of the change of the FI-Lab21 during the hospital stay, ie, FI-Lab21~admission~ −FI-Lab21~discharge~, was performed using Wilcoxon signed-rank test. Furthermore, receiver operating characteristic curves were used to estimate area under the receiver operating characteristic curve (AUC) for FI-Lab21~admission~, FI-Lab21~discharge~, and various laboratory parameters considered solely in relation to 6-month and 1-year mortality. An AUC value of 0.5 indicates a model of random classification. AUC values \>0.9 denotes "very good," \>0.8 "good," \>0.7 "useful" predictive ability.[@b35-cia-14-473] Comparisons among AUCs were performed using the method of Hanley and McNeil.[@b36-cia-14-473] Kaplan--Meier survival analyses were applied to estimate the increased odds of mortality for each category increase in FI-Lab21 score (0, 0.001--0.1, 0.101--0.2, 0.201--0.3, 0.301--0.4, 0.401--0.5, and \>0.5) and ∆FI-Lab21 score (≥0 and \<0). For this model, *P*-value was observed by Breslow test. To determine predictive accuracy of FI-Lab21~admission~ and FI-Lab21~discharge~ for survival, Cox proportional hazard models were applied. For this aforementioned analysis, FI-Lab21 scores were multiplied by 100 and rounded to integers, converting FI-Lab21 scores to percentage values for modeling. HRs for the FI-Lab21 scores were both analyzed separately and adjusted for age and sex to take possible confounders into consideration. The level of statistical significance was set a priori at *P*\<0.050.

Results
=======

Clinical characteristics of the study cohort
--------------------------------------------

A flowchart describing the process of inclusion and follow-up of the study participants is given in [Figure 1](#f1-cia-14-473){ref-type="fig"}. Five hundred thirteen patients were included in the study (see [Figure 1](#f1-cia-14-473){ref-type="fig"}). The clinical characteristics of these 513 individuals are given in [Table 1](#t1-cia-14-473){ref-type="table"}. For 13 of these 513 participants, \<80% of the laboratory parameters that construct the FI-Lab21 were available (see [Figure 1](#f1-cia-14-473){ref-type="fig"}). These 13 patients were excluded from further analyses. The clinical characteristics of these 13 patients are given in [Table 1](#t1-cia-14-473){ref-type="table"}. From all, the remaining 500 participants with availability of 80% or more of the laboratory parameters that construct the FI-Lab21 follow-up data could be obtained after 6 months of follow-up (see [Figure 1](#f1-cia-14-473){ref-type="fig"}). For six individuals, follow-up data could not be collected after 1-year of follow-up (see [Figure 1](#f1-cia-14-473){ref-type="fig"}). The clinical characteristics of the 500 patients with 80% or more FI-Lab21 parameters and the six individuals that were lost to follow-up after 1 year are shown in [Table 2](#t2-cia-14-473){ref-type="table"}. Among aforementioned 500 individuals, the male participants were taller, revealed a higher body weight, and more often suffered from cancer, diabetes, and coronary infarction compared with the female individuals (see [Table 2](#t2-cia-14-473){ref-type="table"}). After 6 months of follow-up, 86 of the 500 participants (17.2%) had died due to any cause. After 1 year of follow-up, 114 of the 494 remaining study participants (23.1%) had died.

Distribution of the FI-Lab21 at admission to hospital and before discharge from hospital
----------------------------------------------------------------------------------------

The FI-Lab21 did not show a normal distribution irrespective of whether it was assessed at admission to hospital or before discharge from hospital (both *P*\<0.001). With the FI-Lab21~admission~, mean score was 0.33±0.15, the median 0.33, minimum 0, maximum 0.76, the first, fifth, 95th, and 99th percentiles observed were 0.05, 0.09, 0.57, and 0.71, respectively. With the FI-Lab21~discharge~, the mean score was 0.31±0.14, median 0.32, minimum measured 0, maximum 0.71, the first, fifth, 95th, and 99th percentiles ascertained were 0.00, 0.10, 0.53, and 0.67, respectively.

Ability of the FI-Lab21 at admission to hospital and before discharge from hospital to predict 6-month and 1-year mortality
---------------------------------------------------------------------------------------------------------------------------

The FI-Lab21~admission~ and FI-Lab21~discharge~ were both able to discriminate between individuals who had died and those who still were alive after 6 months and 1 year of follow-up (all *P*\<0.05) (see [Table 3](#t3-cia-14-473){ref-type="table"}). The ability of the FI-Lab21 to predict 6-month as well as 1-year mortality was greater at the point in time before discharge from hospital compared with the point in time at admission to hospital (*P*=0.046 and *P*=0.040, respectively). Among the individual laboratory parameters that construct the FI-Lab21, white blood cells, red blood cells, platelets, quick value, partial thromboplastin time, calcium, urea, total protein in serum, creatinine, aspartate aminotransferase, gamma-glutamyl transferase, lactate dehydrogenase, albumin, C-reactive protein, and total protein in spot urine were able to predict 6-month and/or 1-year mortality when assessed at admission to hospital or before discharge from hospital (all *P*\<0.05) (see [Table 3](#t3-cia-14-473){ref-type="table"}). With increasing scores of the FI-Lab21, the mortality rates of the study participants for 6 months and 1 year increased when the FI-Lab21 was applied at admission to hospital or before discharge from hospital (all *P*\<0.001) (see [Figures 2](#f2-cia-14-473){ref-type="fig"} and [3](#f3-cia-14-473){ref-type="fig"} and [Table 4](#t4-cia-14-473){ref-type="table"}).

Each 1% increase in score of the FI-Lab21~admission~ and FI-Lab21~discharge~ was associated with an increase in mortality after 6 months and 1 year of follow-up ranging between 4.6% and 6.9%, respectively (all *P*\<0.001). After adjustment for the analyses of age and sex, each 1% increase in score of the FI-Lab21~admission~ and FI-Lab21~discharge~ was associated with an increase in mortality after 6 months and 1 year of follow-up of 4.9% and 7.1%, respectively (all *P*\<0.001) (see [Table 5](#t5-cia-14-473){ref-type="table"}).

Ability of the change of the FI-Lab21 between the point in time at admission to hospital and before discharge from hospital to predict 6-month and 1-year mortality
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Among the individuals, the score of the FI-Lab21 decreased during the hospital stay with a mean reduction of the FI-Lab21 of 0.02±0.11 (*P*\<0.001), with a minimum of −0.48 and a maximum of 0.43. The first, fifth, 95th, and 99th percentiles of the change in the FI-Lab21 during the hospital stay were −0.25, −0.14, 0.19, and 0.29, respectively ([Figure 4](#f4-cia-14-473){ref-type="fig"}). Individuals whose FI-Lab21 score decreased or did not change during the hospital stay had a lower risk to die during the 6-month and 1-year follow-up period compared with those individuals whose FI-Lab21 score increased during the hospital stay (*P*=0.004 and *P*=0.046, respectively) (see [Figure 5](#f5-cia-14-473){ref-type="fig"}). Each 1% decrease of FI-Lab21 during the hospital stay was associated with a decrease in 6-month mortality of 2.0% (*P*=0.040) and, with reference to statistical nonsignificant terms, a reduction in 1-year mortality of 1.3% (*P*=0.126) (see [Table 6](#t6-cia-14-473){ref-type="table"}). After adjustment of the analysis for age, sex, and FI-Lab21~admission~, each 1% decrease in the FI-Lab21 during the hospital stay was associated with a decrease in 6-month and 1-year mortality of 5.9% and 5.3% (both *P*\<0.001), respectively (see [Table 6](#t6-cia-14-473){ref-type="table"}).

Discussion
==========

In this study, we show that FI-Lab21 operationalized from common blood and urine tests obtained at admission to hospital of hospitalized geriatric patients reveals predictive ability for 6-month and 1-year mortality. We thereby expand the findings of our previous study showing a predictive ability of FI-Lab based on blood and urine parameters obtained before discharge from hospital of hospitalized geriatric patients for 6-month and 1-year mortality.[@b28-cia-14-473] Our findings are in line with several other studies that demonstrated a predictive value of frailty instruments incorporating data that were obtained from patients at admission to the hospital for mortality or other adverse clinical outcomes.[@b3-cia-14-473],[@b33-cia-14-473],[@b34-cia-14-473] Klausen et al[@b33-cia-14-473] found a strong relation between FI-Lab based on 17 routine laboratory tests and 3-year mortality for 4,005 acutely admitted older patients aged 65 years or older at the Emergency Department of Copenhagen University Hospital, Denmark. Evans et al[@b3-cia-14-473] showed that FI based on a comprehensive geriatric assessment (CGA) that was administered at admission to general medical wards in a cohort of 752 hospitalized participants aged 75 years or older predicted institutionalization, length of hospital stay, and 30-day mortality. In a study by Hubbard et al in 1,418 Australian hospitalized patients aged 70 years or older, FI obtained within the first days of hospitalization on general medical units was predictive for length of hospital stay, discharge to residential aged care, falls, pressure ulcer incidence, and in-hospital mortality.[@b34-cia-14-473] This FI was operationalized based on a CGA including physical, mental, and cognitive functions, medications, medical diagnoses, and discharge destination.[@b34-cia-14-473] In contrast to aforementioned studies,[@b3-cia-14-473],[@b33-cia-14-473],[@b34-cia-14-473] we obtained data for the FI-Lab21 not only at admission but also before discharge.

A further interesting finding of our study is that the FI-Lab21 operationalized from blood and urine tests before discharge from hospital was more powerful compared with the FI-Lab21 obtained at admission to hospital. These findings indicate that the clinical state as evaluated with the FI-Lab21 before discharge from hospital after initial treatment of the acute disease or exacerbation of the chronic disease that had initially resulted in hospital admission stronger predicts 6-month and 1-year mortality than the more acute clinical state at hospital admission. The clinical state before discharge from hospital might probably better reflect to overall health status of a geriatric person than the clinical state driven by acute disease or exacerbation of the chronic disease at admission to the hospital geriatric ward of an older individual.

Of note, in our study during the hospital stay of the patients, the FI-Lab21 score decreased, ie, the FI-Lab21 operationalized from the data before discharge to hospital was lower compared with the FI-Lab21 based on data at admission to hospital. This indicates that the frailty severity of the patients, as assessed by the FI-Lab21, has decreased during their hospital stay. Possibly, the change in the FI-Lab21 between admission and discharge visualized performance and achievement of clinical interventions and therapies. Clearly, during their stay at the hospital geriatric wards, the patients received medical treatment and therapies by the physicians and other members of the multidisciplinary geriatric team. Our findings are thus in line with the concept that frailty reveals a potentially reversible state at least in some patients and is sensitive to adequate treatment and therapy.[@b37-cia-14-473]--[@b41-cia-14-473] In line with the findings of the study presented here, Basile et al[@b37-cia-14-473] revealed that a 46-item FI based on laboratory and clinical data tended to decrease during the hospital stay in 156 hospitalized patients on geriatric wards being followed up to 12 months. Fairhall et al[@b38-cia-14-473] observed an increase in walking speed, more extended mobility, and a reduction of mobility-related disability in a randomized, controlled trail comprising 241 frail community-dwelling elderly in Sidney during a 12-month interventions program. Another randomized, controlled trial that was performed in 1994 by Fiatarone et al,[@b39-cia-14-473] showed an improvement of muscle size and strength as a result of a 10-week high-intensity resistance training of older frail people compared with nonexercising persons (mean age of the 100 nursing home residents was 87.1±0.6 years). Kim[@b40-cia-14-473] investigated the effects of a 3-month exercise program and nutritional supplementation on improving frailty according to the frailty phenotype in 131 community-dwelling older people, finding an increase of muscle strength and bone mineral content. A recent random-ized, controlled study performed in Singapore in 246 participants with mean age of 70±4.7 years detected that nutritional, physical, and cognitive interventions were effective in reducing frailty (measured based on frailty phenotype criteria) during a follow-up period of 12 months.[@b41-cia-14-473] In contrast to our study, none of these authors operationalized an FI based solely on laboratory parameters. In line with the findings of this study all aforementioned studies showed changeability and improvement of frailty by purposive interventions.[@b37-cia-14-473]--[@b41-cia-14-473]

A further major finding of our study presented here is that the individuals who showed an increase of the FI-Lab21 during the hospital stay had a higher 6-month and 1-year mortality rate compared with those persons whose FI-Lab21 score did not change or decreased (ie, improved) during the hospital stay at the hospital geriatric wards. This indicates that not only the FI-Lab21 irrespective of whether assessed at admission to hospital or before discharge from hospital but also the change of the FI-Lab21 reveals predictive power for 6-month and 1-year mortality in hospitalized geriatric patients. Our data thus show that patients who did not suffer from a deterioration of their frailty severity, as assessed by the FI-Lab21, during their hospital stay, revealed a better survival compared with those patients whose frailty status, as assessed by the FI-Lab21, worsened during the hospital stay at the geriatric wards. Moreover, after adjustment of the analysis for age, sex, and FI-Lab21~admission~, we found an association of the quantity of improvement of the FI-Lab21 during the hospital stay and the reduction in 6-month and 1-year mortality risk of the hospitalized geriatric patients. This indicates that also the changes of the FI-Lab21 during the hospital stay might be an interesting and additional tool to stratify mortality risk in hospitalized geriatric patients.

This study has some major strengths. To the best of our knowledge, this is the first study evaluating an FI based solely on laboratory parameters at different points in time for patients during hospital stay. The FI-Lab21 used in the present study was based solely on few routine laboratory parameters enabling easy implementation of this FI-Lab into clinical practice. Of note, the FI-Lab21 as evaluated in this study shows key characteristics of FI such as an upper limit of FI of \~0.7.[@b43-cia-14-473],[@b44-cia-14-473]

This study has limitations. The study was a single-center analysis. Single-center studies might not be generalizable to a broad population. Of note, in some cases, single-center studies have been contradicted in subsequently larger multicenter studies.[@b45-cia-14-473] In addition, the predominant part of our cohort was Caucasian. Further investigation is needed to extrapolate our findings to other ethnic groups. Apparently, according to the findings of Chen et al, comorbidity burden, mobility-related disability, and the impact of acute and chronic diseases might have driven the FI-Lab21~admission~, the FI-Lab21~discharge~, and the change of the FI-Lab21 during the hospital stay, intensifying their predictive power on individuals risk at death.[@b46-cia-14-473] Furthermore, a total number of 21 health deficits as operationalized in our study might underestimate adverse outcomes. More robust estimates are measured with FIs consisting of 50 or more deficits.[@b47-cia-14-473] Thus, our data have to be considered with caution.

In conclusion, the FI-Lab21 irrespective of whether assessed at admission to hospital or before discharge from hospital and the changes of the FI-Lab21 during the hospital stay at the geriatric wards emerged as interesting and feasible approaches to stratify the risk for 6-month and 1-year mortality in hospitalized individuals on geriatric wards. Thereby, the FI-Lab21 evaluated at the point in time before discharge from hospital might be more powerful than the FI-Lab21 operationalized from the data obtained at admission to hospital in predicting 6-month and 1-year mortality in aforementioned group of persons. Furthermore, also the quantity of change of the FI-Lab21 during the hospital stay reveals predictive power for mortality in hospitalized geriatric patients.
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![Kaplan--Meier survival function: FI-Lab21 at admission to hospital stratified into seven groups with increasing scores.\
**Abbreviation:** FI-Lab21, 21-item frailty index based on laboratory blood and urine tests.](cia-14-473Fig2){#f2-cia-14-473}

![Kaplan--Meier survival function: FI-Lab21 before discharge from hospital stratified into seven groups with increasing scores.\
**Abbreviation:** FI-Lab21, 21-item frailty index based on laboratory blood and urine tests.](cia-14-473Fig3){#f3-cia-14-473}

![Mean change of the FI-Lab21 during the hospital stay (n=500; mean ± standard error of the mean).\
**Abbreviation:** FI-Lab21, 21-item frailty index based on laboratory blood and urine tests.](cia-14-473Fig4){#f4-cia-14-473}

![Kaplan--Meier survival function: change of the FI-Lab during the hospital stay (∆FI-Lab21) stratified into patients who suffered from an increase of their FI-Lab (∆FI-Lab21 ≥0) and those patients whose FI-Lab did not change or decreased (∆FI-Lab21 \<0) during the hospital stay.\
**Abbreviation:** FI-Lab21, 21-item frailty index based on laboratory blood and urine tests.](cia-14-473Fig5){#f5-cia-14-473}

###### 

Clinical characteristics at baseline examination for all study participants (n=513) and participants with \<80% available FI-Lab21 parameters (n=13)

  Clinical characteristics                                         All participants (n=513)   Participants with \<80% FI-Lab21 parameters (n=13)
  ---------------------------------------------------------------- -------------------------- ----------------------------------------------------
  Female % (n)                                                     67.4 (346)                 84.6 (11)
  Age (years)                                                      82.8±6.2                   83.2±5.4
  Height (cm)                                                      163±9.3                    160.8±5.9
  Weight (kg)                                                      72.2±16.2                  71.2±15.4
  BMI (kg/m^2^)                                                    27.1±5.5                   27.4±5.0
  Unintentional weight loss \>4.5 kg in last year % (n)            37 (190)                   84.6 (11)
  MMSE (points)                                                    25.5±4.3                   25.75±3.5
  GDS (points)                                                     4.1±2.7                    4.2±1.9
  Timed "up and go" test \>19 seconds or unable to perform % (n)   65.7 (332)                 76.9 (10)
  Barthel Index                                                    68.6±20.9                  63.5±23.9
  Heart failure % (n)                                              56.9 (292)                 53.8 (7)
  Peripheral vascular disease % (n)                                14.8 (76)                  0 (0)
  Coronary infarction % (n)                                        12.5 (64)                  7.7 (1)
  Stroke % (n)                                                     20.9 (107)                 15.4 (2)
  Cancer % (n)                                                     15.8 (81)                  7.7 (1)
  Diabetes mellitus % (n)                                          37 (190)                   61.5 (8)
  Chronic lung disease % (n)                                       20.5 (105)                 15.4 (2)
  Kidney disease % (n)                                             56.7 (291)                 61.5 (8)
  Urinary incontinence or catheterized % (n)                       38.8 (199)                 61.5 (8)
  Constipation % (n)                                               22.8 (117)                 0 (0)
  \>5 medications % (n)                                            96.3 (494)                 92.3 (12)

**Note:** Data are presented as mean ± SD (unless otherwise stated).

**Abbreviations:** BMI, body mass index; FI-Lab21, 21-item frailty index based on laboratory blood and urine tests; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination.

###### 

Clinical characteristics at baseline examination for all study participants with \>80% available FI-Lab21 parameters (n=500), divided by sex (n=165 and n=335, respectively) and participants lost to follow-up at 1-year follow-up after baseline examination (n=6)

  Clinical characteristics                                         All participants with \>80% FI-Lab21 parameters (n=500)   Male participants with \>80% FI-Lab21 parameters (n=165)   Female participants with \>80% FI-Lab21 parameters (n=335)   *P*-value   Participants lost to follow-up at 1-year follow-up (n=6)
  ---------------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------- ------------------------------------------------------------ ----------- ----------------------------------------------------------
  Female % (n)                                                     67 (335)                                                  0 (0)                                                      100 (335)                                                                50 (3)
  Age (years)                                                      82.8±6.2                                                  82.0±6.2                                                   83.2±6.2                                                     0.062       86±4.4
  Height (cm)                                                      163.1±9.4                                                 171.8±7.7                                                  158.8±6.8                                                    \<0.001     166.2±8.6
  Weight (kg)                                                      72.2±16.2                                                 78.8±14.4                                                  68.9±16.1                                                    \<0.001     76.8±13.3
  BMI (kg/m^2^)                                                    27.1±5.6                                                  26.7±4.4                                                   27.3±6                                                       0.664       27.3±5.6
  Unintentional weight loss \>4.5 kg in last year % (n)            36.2 (181)                                                41.8 (69)                                                  33.4 (112)                                                   0.061       50 (3)
  MMSE (points)                                                    25.5±4.3                                                  25.6±4.1                                                   25.5±4.4                                                     0.843       25±3.6
  GDS (points)                                                     4.1±2.7                                                   4.0±2.5                                                    4.2±2.8                                                      0.905       3.8±2.3
  Timed "up and go" test \>19 seconds or unable to perform % (n)   64.4 (322)                                                65.5 (108)                                                 63.9 (214)                                                   0.730       66.7 (4)
  Barthel Index                                                    68.7±20.8                                                 67.4±22.7                                                  69.4±19.8                                                    0.593       53.3±20.4
  Heart failure % (n)                                              42.8 (214)                                                45.5 (75)                                                  41.5 (139)                                                   0.400       50 (3)
  Peripheral vascular disease % (n)                                15.2 (76)                                                 19.4 (32)                                                  13.1 (44)                                                    0.067       16.7 (1)
  Coronary infarction % (n)                                        12.6 (63)                                                 20.6 (34)                                                  8.7 (29)                                                     \<0.001     16.7 (1)
  Stroke % (n)                                                     21 (105)                                                  23 (38)                                                    20 (67)                                                      0.434       16.7 (1)
  Cancer % (n)                                                     12 (80)                                                   20.6 (34)                                                  13.7 (46)                                                    0.049       33.3 (2)
  Diabetes mellitus % (n)                                          36.4 (182)                                                43 (71)                                                    33.1 (111)                                                   0.031       0 (0)
  Chronic lung disease % (n)                                       20.6 (103)                                                21.8 (36)                                                  20 (67)                                                      0.636       16.7 (1)
  Kidney disease (%)                                               56.6 (283)                                                59.4 (98)                                                  55.2 (185)                                                   0.376       33.3 (2)
  Urinary incontinence or catheterized % (n)                       38.2 (191)                                                40 (66)                                                    37.3 (125)                                                   0.561       66.7 (4)
  Constipation % (n)                                               23.4 (117)                                                24.8 (41)                                                  22.7 (76)                                                    0.591       0 (0)
  \>5 medications % (n)                                            96.4 (482)                                                97.6 (161)                                                 95.8 (321)                                                   0.322       100 (6)

**Note:** Data are presented as mean ± SD (unless otherwise stated).

**Abbreviations:** BMI, body mass index; FI-Lab21, 21-item frailty index based on laboratory blood and urine tests; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination.

###### 

FI-Lab21 at admission to hospital (FI-Lab21~admission~), FI-Lab21 before discharge to hospital (FI-Lab21~discharge~), and standard laboratory parameters compiling the FI-Lab21

  At admission                    Before discharge                                                                                                                                  
  ------------------------------- ------------------- --------- ------------------- --------- ----------------------------------- ------------------- --------- ------------------- ---------
  FI-Lab21~admission~             0.72 (0.66--0.78)   \<0.001   0.72 (0.67--0.78)   \<0.001   FI-Lab21~discharge~                 0.77 (0.71--0.82)   \<0.001   0.75 (0.7--0.8)     \<0.001
  **Blood sample at admission**                                                               **Blood sample before discharge**                                                     
  White blood cells (n/µL)        0.51 (0.44--0.58)   0.791     0.51 (0.45--0.57)   0.725     White blood cells (n/µL)            0.59 (0.52--0.66)   0.011     0.58 (0.51--0.64)   0.015
  Red blood cells (n/µL)          0.56 (0.49--0.62)   0.086     0.44 (0.38--0.5)    0.067     Red blood cells (n/µL)              0.56 (0.49--0.63)   0.081     0.56 (0.5--0.63)    0.04
  MCV (fL)                        0.50 (0.43--0.56)   0.932     0.48 (0.42--0.55)   0.615     MCV (fL)                            0.50 (0.43--0.57)   0.987     0.51 (0.45--0.57)   0.737
  Platelets (n/µL)                0.54 (0.48--0.61)   0.197     0.48 (0.41--0.54)   0.49      Platelets (n/µL)                    0.58 (0.51--0.65)   0.028     0.57 (0.51--0.63)   0.02
  Quick value (%)                 0.54 (0.47--0.60)   0.306     0.41 (0.35--0.47)   0.003     Quick value (%)                     0.55 (0.48--0.62)   0.140     0.54 (0.48--0.6)    0.204
  PTT (seconds)                   0.53 (0.46--0.6)    0.400     0.53 (0.47--0.59)   0.316     PTT (seconds)                       0.58 (0.52--0.65)   0.015     0.57 (0.51--0.64)   0.019
  Sodium (mval/L)                 0.54 (0.47--0.60)   0.308     0.47 (0.41--0.53)   0.33      Sodium (mval/L)                     0.54 (0.47--0.61)   0.234     0.53 (0.47--0.6)    0.273
  Potassium (mg/dL)               0.55 (0.48--0.62)   0.147     0.52 (0.46--0.58)   0.567     Potassium (mg/dL)                   0.54 (0.47--0.6)    0.313     0.52 (0.46--0.58)   0.544
  Calcium (mval/L)                0.55 (0.48--0.62)   0.167     0.55 (0.49--0.61)   0.107     Calcium (mval/L)                    0.63 (0.57--0.7)    \<0.001   0.61 (0.55--0.67)   \<0.001
  Urea (mg/dL)                    0.60 (0.54--0.67)   0.002     0.64 (0.48--0.69)   \<0.001   Urea (mg/dL)                        0.59 (0.52--0.65)   0.010     0.59 (0.53--0.65)   0.003
  Total protein (g/dL)            0.59 (0.51--0.67)   0.024     0.59 (0.52--0.66)   0.015     Total protein (g/dL)                0.58 (0.5--0.66)    0.050     0.59 (0.52--0.66)   0.017
  Creatinine (mg/dL)              0.56 (0.49--0.62)   0.089     0.55 (0.49--0.61)   0.03      Creatinine (mg/dL)                  0.54 (0.48--0.61)   0.217     0.55 (0.49--0.6)    0.03
  Bilirubin (mg/dL)               0.54 (0.47--0.61)   0.266     0.54 (0.48--0.6)    0.201     Bilirubin (mg/dL)                   0.55 (0.48--0.62)   0.149     0.55 (0.49--0.62)   0.091
  AST (U/L)                       0.59 (0.51--0.66)   0.013     0.57 (0.51--0.63)   0.024     AST (U/L)                           0.55 (0.49--0.62)   0.112     0.55 (0.48--0.61)   0.143
  ALT (U/L)                       0.56 (0.46--0.63)   0.235     0.55 (0.48--0.63)   0.153     ALT (U/L)                           0.55 (0.47--0.62)   0.248     0.54 (0.47--0.61)   0.299
  GGT (U/L)                       0.56 (0.49--0.62)   0.092     0.57 (0.51--0.63)   0.023     GGT (U/L)                           0.59 (0.52--0.65)   0.012     0.58 (0.53--0.64)   0.008
  LDH (U/L)                       0.6 (0.53--0.67)    0.005     0.6 (0.53--0.66)    0.001     LDH (U/L)                           0.61 (0.54--0.67)   0.002     0.61 (0.55--0.67)   \<0.001
  Albumin (g/dL)                  0.6 (0.52--0.67)    0.015     0.62 (0.55--0.67)   0.001     Albumin (g/dL)                      0.59 (0.52--0.66)   0.024     0.61 (0.54--0.68)   0.003
  CRP (mg/dL)                     0.59 (0.53--0.65)   0.009     0.61 (0.56--0.67)   \<0.001   CRP (mg/dL)                         0.62 (0.56--0.68)   \<0.001   0.61 (0.56--0.7)    \<0.001
  TSH (µU/mL)                     0.50 (0.43--0.56)   0.881     0.52 (0.54--0.58)   0.607     TSH (µU/mL)                         0.51 (0.44--0.58)   0.816     0.52 (0.45--0.58)   0.607
  **Spot urine**                                                                              **Spot urine**                                                                        
  Total protein (mg/dL)           0.62 (0.55--0.69)   0.001     0.61 (0.54--0.67)   0.001     Total protein (mg/dL)               0.60 (0.53--0.67)   0.006     0.61 (0.54--0.67)   0.001

**Abbreviations:** ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUC, area under the receiver operating characteristic curve; CRP, C-reactive protein; FI-Lab21, 21-item frailty index based on laboratory blood and urine tests; FI-Lab21~admission~, frailty index obtained at admission to hospital; FI-Lab21~discharge~, frailty index obtained before discharge from hospital; GGT, gamma-glutamyl transferase; LDH, lactate dehydrogenase; MCV, mean corpuscular volume; PTT, partial thromboplastin time; TSH, thyroid-stimulating hormone.

###### 

FI-Lab21 at admission to hospital (FI-Lab21~admission~), FI-Lab21 before discharge from hospital (FI-Lab21~discharge~), and the change of the FI-Lab21 during the hospital stay (∆FI-Lab21) stratified according to score with 6-month and 1-year mortality

  FI-Lab21 score            All patients, % (n=494)   Six-month mortality, % (n=86)   *P*-value   One-year mortality, % (n=114)   *P*-value
  ------------------------- ------------------------- ------------------------------- ----------- ------------------------------- -----------
  **FI-Lab21~admission~**                                                             \<0.001                                     \<0.001
  0                         0.0 (n=2)                 0.0 (n=0)                                   0.0 (n=0)                       
  0.001--0.1                6.3 (n=31)                0.0 (n=0)                                   0.0 (n=0)                       
  0.101--0.2                15.8 (n=78)               10.3 (n=8)                                  12.8 (n=10)                     
  0.201--0.3                22.1 (n=109)              6.4 (n=7)                                   11.0 (n=12)                     
  0.301--0.4                23.5 (n=116)              16.8 (n=20)                                 23.3 (n=27)                     
  0.401--0.5                18.2 (n=90)               26.1 (n=24)                                 35.6 (n=32)                     
  \>0.5                     13.8 (n=68)               39.7 (n=27)                                 48.5 (n=33)                     
  **FI-Lab21~discharge~**                                                             \<0.001                                     \<0.001
  0                         1.4 (n=7)                 0.0 (n=0)                                   14.7 (n=1)                      
  0.001--0.1                6.9 (n=34)                0.0 (n=0)                                   0.0 (n=0)                       
  0.101--0.2                16.2 (n=80)               4.9 (n=4)                                   7.5 (n=6)                       
  0.201--0.3                24.9 (n=123)              11.4 (n=14)                                 17.9 (n=22)                     
  0.301--0.4                23.9 (n=118)              15.6 (n=19)                                 19.5 (n=23)                     
  0.401--0.5                19.2 (n=95)               30.2 (n=29)                                 38.9 (n=37)                     
  \>0.5                     7.5 (n=37)                54.1 (n=20)                                 67.6 (n=25)                     
  **∆FI-Lab21**                                                                       0.004                                       0.046
  ≥0                        67.0 (n=331)              13.9 (n=47)                                 20.8 (n=69)                     
  \<0                       33 (n=163)                23.9 (n=39)                                 27.6 (n=45)                     

**Note:** ∆FI-Lab21= FI-Lab21~admission~ -- FI-Lab21~discharge~.

**Abbreviations:** FI-Lab21, 21-item frailty index based on laboratory blood and urine tests; FI-Lab21~admission~, frailty index obtained at admission to hospital; FI-Lab21~discharge~, frailty index obtained before discharge from hospital.

###### 

HR and age- and sex-adjusted HR for each 0.01 increment in score of FI-Lab21~admission~ and FI-Lab21~discharge~ in relation to 6-month and 1-year mortality

  FI-Lab21~admission~, FI-Lab21~discharge~, and mortality   HR (95% CI)            *P*-value   Adjusted HR (95% CI)   *P*-value
  --------------------------------------------------------- ---------------------- ----------- ---------------------- -----------
  Six-month mortality                                                                                                 
  FI-Lab21 (per each 0.01 increment in score) admission     1.046 (1.032--1.061)   \<0.001     1.049 (1.033--1.064)   \<0.001
  FI-Lab21 (per each 0.01 increment in score) discharge     1.069 (1.053--1.086)   \<0.001     1.071 (1.054--1.088)   \<0.001
  One-year mortality                                                                                                  
  FI-Lab21 (per each 0.01 increment in score) admission     1.046 (1.034--1.059)   \<0.001     1.048 (1.035--1.061)   \<0.001
  FI-Lab21 (per each 0.01 increment in score) discharge     1.065 (1.051--1.08)    \<0.001     1.066 (1.051--1.081)   \<0.001

**Abbreviations:** Adjusted HR, hazard ratio adjusted for age and sex; FI-Lab21, 21-item frailty index based on laboratory blood and urine tests; FI-Lab21~admission~, frailty index obtained at admission to hospital; FI-Lab21~discharge~, frailty index obtained before discharge from hospital.

###### 

HR and HR adjusted for age, sex, and FI-Lab21~admission~ for each 0.01 increment in score of ∆FI-Lab21 in relation to 6-month and 1-year mortality

  ∆FI-Lab21 and mortality                        HR (95% CI)            *P*-value   Adjusted HR (95% CI)   *P*-value
  ---------------------------------------------- ---------------------- ----------- ---------------------- -----------
  Six-month mortality                                                                                      
  ∆FI-Lab21 (per each 0.01 increment in score)   0.980 (0.961--0.999)   0.040       0.941 (0.921--0.961)   \<0.001
  One-year mortality                                                                                       
  ∆FI-Lab21 (per each 0.01 increment in score)   0.987 (0.970--1.004)   0.126       0.947 (0.931--0.965)   \<0.001

**Note:** ∆FI-Lab21= FI-Lab21~admission~ -- FI-Lab21~discharge~.

**Abbreviations:** Adjusted HR, hazard ratio adjusted for age, sex, and FI-Lab21~admission~; FI-Lab21, 21-item frailty index based on laboratory blood and urine tests; ∆FI-Lab21, change of FI-Lab during hospital stay.
